sort for forage components to maximize intake of physically effective fiber and ameliorate the impacts of acidosis. For group-fed cattle, it has been proposed that those cattle with primary feed bunk access may consume the majority of the forage before others can get to the bunk (Nagaraja and Titgemeyer, 2007) .
Molasses-based liquid feed (LF) supplements have been shown to reduce feed sorting and promote greater intake and milk production in dairy cows (Oelker et al., 2009; DeVries and Gill, 2012) . The addition of up to 10% molasses to high-grain diets has long been known to improve intake and rate of gain as well as feed efficiency (Potter et al., 1971; Pate, 1983) . Substitution of starch with sugar (i.e., from molasses) may also reduce the risk of ruminal acidosis (Oba, 2011) . Therefore, the objective of this study was to assess the impact of a molasses-based LF supplement on sorting behavior and growth of veal calves fed a high-grain diet. We hypothesized that adding a LF to a high-grain diet would reduce sorting for the long forage particles, thus decreasing variability in nutrient consumption and between-animal variability in growth within a pen.
MATERIALS AND METHODS

Animals and Housing
Twenty-four male Holstein calves were studied at the University of Guelph Kemptville Campus Dairy Education and Research Centre (Kemptville, ON, Canada). The animals were 90.2 d old (SD 2.6) and weighed 137.5 kg (SD 16.9) at the beginning of the study. At the end of the trial, cattle weighed, on average, 242.1 kg (SD 23.1). Calves were housed in a single barn in 6 pens of 4 calves. Each pen consisted of an indoor wood shaving-bedded pack area (3.6 by 10.9 m, width × depth) and an outdoor concrete run (3.6 by 16.4 m). Wood shaving bedding was replenished weekly throughout the experiment and wet areas around the water trough and feed bunk were replenished daily as needed. Feed bunks were located along the front of each indoor pack area and measured 1.35 m, allowing a total of 0.34 m of bunk space/calf. The use of calves and experimental procedures complied with the guidelines of the Canadian Council on Animal Care (2009) and was approved by the University of Guelph Animal Care Committee (Animal Use Protocol number 1913). Calves had ad libitum access to water and feed at all times throughout the trial. The calves were fed a mixed ration once daily at 1200 h. Refusals were removed daily and weighed prior to feed delivery to allow for adjustment of the amount of feed offered. The experiment was conducted from July 14 to September 21, 2014. The average environmental temperature during data collection periods was 17.5 ± 4.0°C.
Experimental Design and Diets
The number of replicates (pens) required per treatment was determined through power analysis (target 80% power with an expected difference of 15%; Morris, 1999) for primary response variables, including feed sorting, DMI, and ADG. Estimates of variation for these variables were based on previously reported values (González et al., 2008; Groen et al., 2015) . Prior to the study, calves were divided into 6 groups of 4, which were balanced according to age and weight. Groups were randomly assigned to pens and were exposed, in a crossover design with 35-d treatment periods, to each of 2 treatment diets (Table 1) : 1) control diet and 2) control diet with 9.0% LF added (DM basis; Liquid Feeds International Ltd., Innerkip, ON, Canada). Within period, treatments were alternately allocated to pens, such that adjacent pens were on different treatments. Given the random assignment of groups to pens, the order of treatment exposure was, therefore, randomly allocated. 2 High-moisture corn had a DM of 77.0 ± 2.5% and chemical composition (DM basis) of 9.5 ± 0.2% CP, 3.6 ± 0.4% ADF, and 10.2 ± 0.7% NDF.
3 Alfalfa haylage had a DM of 35.0 ± 2.7% and chemical composition (DM basis) of 20.8 ± 0.7% CP, 30.4 ± 1.0% ADF, and 37.6 ± 1.8% NDF.
4 Shur-Gain 36% Opti-Glo Steakmaker (12% ECP), supplied by Rooney Feeds Ltd. (Kemptville, ON, Canada). Pellets had a DM of 93.9 ± 0.7% and chemical composition (DM basis) of 40.1 ± 1.0% CP, 9.3 ± 0.6% ADF, and 20.5 ± 1.8% NDF. 
Feed Intake and Growth Measurements
Group feed intake was recorded daily using an analog floor scale (model 31-0851; Toledo Scale Company) by weighing feed offered and refused. These data were used to calculate daily DMI (kg/d) on a pen basis. Calf BW and size (hip height, heart girth, and middle girth) was recorded weekly on 2 consecutive days each week using a calibrated digital floor scale (Low Cost Weight Indicator, model SBI-140; Brecknell, Pointe-Claire, QC, Canada) and a measuring tape. Weekly weights were averaged for each calf and used to calculate ADG. The feed-to-gain ratio was calculated, on a pen basis, as total pen DMI per week/total pen BW gain per week.
Feed Sampling and Analysis
Fresh feed samples were taken 3 times/wk (Monday, Wednesday, and Friday) and orts samples were taken on those days 23 h following the feed samples during wk 3, 4, and 5 of each treatment period to determine DMI. Duplicate samples of fresh feed and orts were collected for each pen at feeding time (1200 h) and 23 h later (1100 h) during wk 3, 4, and 5 to determine sorting behavior. Once a week, samples of the feed components (corn, protein supplement, haylage, and molasses) were taken for DM and nutrient composition analysis. All samples were frozen at −15°C on collection to await further analysis. Sorting behavior at the pen level was determined through the separation of both fresh feed and orts using a 3-screen Penn State Particle Separator (PSPS; Kononoff et al., 2003) . This apparatus separates the feed components into 4 fractions: long (>19 mm), medium (<19 mm and >8 mm), short (<8 mm and >1.18 mm), and fine (<1.18 mm). After separation, DM of each separated fraction was determined by forced airdrying at 55°C for 48 h.
All samples taken for DM and chemical analyses (i.e., fresh feed samples and feed components) were oven dried at 55°C for 48 h and were ground to pass through a 1-mm screen (Brinkmann Mill; Brinkmann Instruments Co., Westbury, NY). These samples, as well as the dried PSPS particle fractions, were shipped 
Calculations and Statistical Analysis
Sorting activity of each fraction of PSPS was defined as the actual DMI of each fraction of the diet expressed as a percentage of the predicted DMI of the same fraction (Leonardi and Armentano, 2003) . Predicted intake of a fraction was calculated as the product of DMI of the total mixed diet multiplied by the DM percentage of that fraction in the offered diet. Values equal to 100% indicate no sorting, values < 100% indicating sorting against that fraction, and values > 100% indicating sorting for that fraction.
For all analyses of treatment effects, the pen was considered the experimental unit. Data for DMI, feed sorting, growth (ADG, average heart girth, middle girth, and height), and feed-to-gain ratio were summarized per pen by treatment period and week and expressed on a per-animal basis. In addition, to explore the impact of treatment on pen-level variability in response, the SD of DMI (across 7 d of each recording week) was calculated (representing the dayto-day variability in DMI) and the SD in ADG (across 4 calves/pen of each recording week) was calculated (representing within-pen variability in ADG).
Prior to analyses, all data were screened for normality using the UNIVARIATE procedure of SAS (SAS Inst. Inc., Cary, NC). All data (intake, growth, and feed sorting variables) were then analyzed using the MIXED procedure of SAS, treating week as a repeated measurement. The final model included the fixed effects of period, order of treatment exposure (i.e., period × treatment interaction), treatment, and week. Other interactions of the fixed effects were tested in the initial model and were not significant; therefore, they were removed from the final model. The random effect, and subject of the repeated statement, was pen within order of treatment exposure. Compound symmetry was selected as the covariance structure on the basis of best fit according to Schwarz's Bayesian information criterion. Degrees of freedom for fixed effects were estimated using the Kenward-Roger option in the MODEL statement. For the feed sorting data, to determine if sorting occurred, sorting activity for each PSPS fraction on each treatment was tested for a difference from 100% by using the above-mentioned mixed model. All values reported are least squares means. Significance was declared at P ≤ 0.05, and trends were reported if 0.05 < P ≤ 0.10.
RESuLTS
Nutrient composition of the treatment diets were very similar (Table 1) , with the exception of a small decrease in CP and NDF percentage and a 2.7x increase in sugar content in the LF diet. Particle size distribution differed between diets (Table 2) , with a greater amount of DM on the top (>19 mm) and middle (<19 and >8 mm) screens and a lesser amount of DM retained in the bottom screen (< 8 but >1.18 mm) and pan (<1.18 mm) in the LF diet compared with the control diet. In association with that change in particle distribution, the addition of the LF changed the nutrient composition of the various particle fractions (Table 2) . Notably, in the LF diet, there was less ADF and NDF in the long ration particles, whereas there was a greater proportion of starch in those long particles. That starch in the long particles was derived from the fine particles, which were much lower in starch for the LF diet compared with the control. Across all particle fractions, sugar content was increased in the LF diet.
Calves tended to sort more for long particles on the control diet, whereas sorting for or against this fraction on the LF diet was not detected (Table 3) . Sorting for medium particles was detected on both diets; however, no difference in the extent of this sorting was detected. Calves sorted against short particles on the LF diet, but no sorting for or against this fraction on the control diet were detected. Sorting against fine particles was detected on both diets; however, no difference in the extent of this sorting was detected. There was a tendency (P = 0.1) for a period × treatment interaction for sorting against the fine particles, with calves fed the LF diet in the second period tending to sort against these particles more heavily than those in the first period (67.8 vs. 82.9%; SE = 8.08, P = 0.09). Calves fed the control diet sorted similarly against these particles in the first and second periods (80.2 vs. 86.4%; SE = 8.08, P = 0.47).
No difference in the amount of refusals was detected between treatments (Table 4) . Similarly, no difference in DMI was detected between diets. However, day-to-day variability in DMI was reduced (by 0.1 kg/d) when calves were fed the LF diet. As example of this variability, Fig. 1 shows the daily DMI for each pen, on each treatment, for the last 7 d of each treatment period.
No difference in ADG, as well as within-pen variability in ADG, was detected between dietary treatments (Table 4) . Furthermore, no differences in growth parameters such as hip height gain, heart girth gain, and middle gain were detected between diets. Finally, no difference in feed-to-gain ratio was detected between dietary treatments.
DISCuSSION
The DM and chemical composition of the control and LF diets were similar, with the exception being the high sugar content of the LF leading to an increase in sugar concentration in the LF diet. Liquid feed incorporation changed the particle distribution of the ration, resulting in a greater proportion of long and medium particles and a lesser proportion of short and fine particles. As seen in dairy cow studies with silage-based total mixed rations (Oelker et al., 2009; Eastridge et al., 2011; DeVries and Gill, 2012) , it is likely that the LF promoted the adhesion of short and fine ration particles to each other and the longer ration particles. 1 Particle size determined by Penn State Particle Separator, which has a 19-mm screen (long), 8-mm screen (medium), 1.18-mm screen (short), and a pan (fine).
2 LF = liquid feed; control diet with 9.0% molasses-based LF (Liquid Feeds International Ltd., Innerkip, ON, Canada).
In support of our hypothesis, the addition of LF to the diet resulted in no detectable sorting for the longest particles in the ration. Calves on the LF diet were likely consuming more of the longest particles due to its increased representation in the particle distribution of the LF diet, thus supporting the findings of DeVries and Gill (2012) , who documented a reduction in sorting of the longest ration particles in dairy cows fed a LF diet. Calves on the control diet selected for the longest ration particles, consuming 10% more of these particles than predicted on a daily basis. The biological implication of this would have been limited, given the very low percentage of long particles in the ration. It is, however, noteworthy that this pattern of diet selection has previously been demonstrated to reflect a disruption to normal rumen function in cattle fed high-grain diets (DeVries et al., 2014a,b) .
Unexpectedly, calves consuming the LF diet sorted against the short particles in their ration; this may also be attributable to the difference in particle distribution. As particles were adhering to one another in the LF diet, increasing the proportion of medium and long particles, calves consuming this ration may have inadvertently been consuming a similar proportion of short particles compared with those on the control diet. Both treatment groups sorted against fine particles, possibly due to the fine texture and reduced palatability of this fraction (Drouillard et al., 1998) .
Calves fed the LF diet in the second period tended to sort against the fine particles more than those in the first period. This sorting may be a learned behavior resulting from the calves' experience with the fine particles in the control diet during the first treatment period. Learning of diet selection in ruminants is based on a combination of postingestive feedback and early experience, which affect preferences throughout the animal's lifetime (Provenza, 1995; Miller-Cushon et al., 2013) . As reported above, cattle find this fraction particularly unpalatable and may be inclined to sort against it (Drouillard et al., 1998) . Another possibility may be that the difference in particle distribution between diets is why calves fed the LF diet in the second period appeared to sort more heavily against this fraction. The proportion of fines in the control diet was double that in the LF diet (9.6 vs. 4.4% of diet, on a DM basis). Taking this and the sorting into account, calves fed the control diet consumed a diet with 7.7% fines (period 1) and 8.3% fines (period 2; compared with 9.6% DM as delivered) and calves fed the LF diet consumed a diet with 3.6% fines (period 1) and 3.0% fines (period 2; compared with 4.4% DM as delivered). Therefore, even though calves fed the LF diet in period 2 tended to sort more against those particles, the actual proportion of fines consumed by those cattle was closer to the intended proportion compared with when on the control diet.
Contrary to our hypothesis, no difference in DMI between diets was detected. It was predicted that calves on the LF diet would have greater intake, as cattle find sweet feeds (e.g., sweetened with sucrose) to be preferable to sour, salty, bitter, and control feeds (Nombekela et al., 1994) . Our results are supported by findings from Broderick and Radloff (2004) , who demonstrated that supplementing molasses to dairy cows at greater rates (>6%, resulting in >7.4% dietary sugar) resulted in DMI similar to the nonsupplemented controls. Research assessing the effect of molasses products on beef steers 1 Sorting % = 100 × (PF DMI/PF predicted DMI), in which PF = particle fraction (long, medium, short, or fine). Sorting values equal to 100% indicate no sorting, values < 100% indicate selective refusals (sorting against), and values > 100% indicate preferential consumption (sorting for). Data are averaged over 21 d for 6 pens (each containing 4 calves) on each treatment.
2 Difference in sorting values from 100% expressed as non-significant (NS) = P > 0.05; all other variables are P < 0.05 3 Particle size determined by Penn State Particle Separator, which has a 19-mm screen (long), 8-mm screen (medium), 1.18-mm screen (short), and a pan (fine).
4 Control = control diet; LF = liquid feed; control diet with 9.0% molasses-based LF (Liquid Feeds International Ltd., Innerkip, ON, Canada).
5 P-value for the test of dietary treatment. Degrees of freedom were df(treatment) = 1 and df(error) = 8. has demonstrated similar DMI compared with controls (Osuji and Khalili 1994; Shellito et al., 2006) . Interestingly, calves fed the LF diet consumed their feed on a day-to-day basis more consistently ( Fig. 1) . Britton and Stock (1987) and Moya et al. (2011) reported that DMI variability was greater in beef cattle experiencing subacute ruminal acidosis. Therefore, reduced DMI variability may be an indicator of a more stable rumen environment. Reducing the proportion of starch, and increasing sugar content of the diet through the LF addition, may reduce the risk of ruminal acidosis due to lesser fermentation acid production (as reviewed by Oba, 2011) . As measures of rumen dynamics were not made in the current study, thus future work to test this hypothesis is needed. Lesser DMI variability could be beneficial to producers as there would be less wastage in unconsumed feed.
Overall, the addition of LF to the diet had no effect on growth parameters or feed-to-gain ratio. Contrary to what was predicted, no difference between treatments in ADG variability was detected. A lack of ADG variability is supported by Zinn (1994) , who reported that DMI variability of 20% intake (compared with 8.2% in the control diet and 6.6% in the LF diet) had no effect on growth of feedlot steers. Research with fattening steers fed molasses at 10% in the ration also did not show any impact on total gain (Lofgreen and Otagaki, 1960) . Therefore, variability in DMI alone, at the levels observed within this study, was insufficient to impact the observed growth parameters of the veal calves. In the current study, there was a numerical, but not significant, improvement in the feed-to-gain ratio (3.9 vs. 4.3 kg feed/kg gain) when calves were fed the LF diet. A post hoc analysis, based on observed variability, revealed that the study had sufficient experimental units to observe a 20% difference in the feed-to-gain ratio. As the feed-to-gain ratio between groups differed by 10%, it was not detected as statistically significant. The values from this study will therefore provide valuable guidance when selecting a sample size for future studies involving the effects of LF on the growth of grainfed veal calves. Another factor that may have contributed to the lack of observed differences in growth parameters was the generous amount of available feed bunk space. At 0.34 m/calf, all calves were able to feed at the same time. Under competitive situations, cattle fed high-grain diets will increase their level of agonistic interactions, resulting in the most competitive animals eating and gaining more (Zobel et al., 2011) . Therefore, with greater feed bunk competition, more within-pen variability in feeding time and BW may be observed (González et al., 2008) as result of disparity between group members in their ability to access feed and maintain consistent DMI. Therefore, future work is encouraged to determine if there are benefits of feeding LF on the growth of grain-fed veal calves is situations of greater competition for feed access.
Conclusions
Day-to-day variation in DMI was reduced for the LF diet compared with the control diet, and there was a tendency for calves fed the control diet to sort more for the longest ration particles. However, no differences between treatment diets were detected for ADG, DMI, feed-to-gain ratio, or refusals. Overall, the addition of molasses-based LF to a high-grain veal calf diet had only minor effects on day-to-day variation in DMI and feed sorting and no detectable impact on calf performance.
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